Selective adaption and anchoring effects in speech perception have generated several different hypotheses regarding the nature of contextual contrast, including auditory/phonetic feature detector fatigue, response bias, and auditory contrast. In the present study three different sevenstep [hxd]-[htd] continua were constructed to represent a low F o Ilong vocal tract source), a high F o (long vocal tract source), and a high F o {short vocal tract source}, respectively. Subjects identified the tokens from each of the stimulus continua under two conditions: an equiprobable control and an anchoring condition which included an endpoint stimulus from one of the three continua occurring at least three times more often than any other single stimulus. Differential contrast effects were found depending on whether the anchor differed from the test •timuli in terms of Fo, absolute formant frequencies, or both. Results were inconsistent with both the feature detector fatigue and respome bias hypothesis. Rather, the obtained data suggest that vowel contrast occurs on the basis of normalized formant values, thus supporting a version of the auditory-contrast theory.
In the last decade many studies have been concerned with understanding the nature of this contextual effect on vowel identification using such techniques as pairwise stimulus presentation (e.g., Repp et al., 1979; Healy and Repp, 1982; Crowder, 1982; Crowder and Repp, 1984) , selective adaptation (Morse et al., 1976) , or anchoring (Sawusch and Nusbaum, 1979; Sawusch et aL, 1980) . In each of these methods stimuli from an acoustic continuum are presented in the context of other items whose effect on the perception of the test stimuli is assessed. The primary difference between the procedures lies in (1) the distribution and number of the contextual stimuli and (2) whether or not the subject is required to identify the contextual stimulus item. The typical result in all such procedures is that the phoneme (category) boundary of the stimulus continuum is shifttd relative to the baseline boundary (i.e., the boundary obtained when the contextual stimuli are not present) in the direction of the context. That is, relatively ambiguous stimuli are perceived as contrasting with the other stimuli in their vicinity.
There are several possible (and competing) theoretical explanations for such vowel contrast. These different hypotheses include: (1) feature-detector fatigue---proposed primarily to explain contrastlye effects in consonant identification (Cooper, 1975; Eimas and Miller, 1978) ; (2) response bias (e.g., range-frequency theory, Parducci, 1963 Parducci, , 1965 Parducci, , 1975 Sawusch and Nusbaum, 1979); and (4) recurrent lateral inhibition in auditory memory (Crowder, 1981) . These hypotheses differ in terms of whether the contextual effect is caused by changes in input processing, changes in labeling strategy (i.e., response bias}, and/or changes in auditory memory.
The feature-detector fatigue hypothesis has enjoyed much popularity in the past. decade, but has come under increasing criticism in the last several years. This hypothesis is primarily connected with studies utilizing the selective adaptation procedure on consonantal distinctions (e.g., Elmss et aL, 1973; Eimas and Corbit, 1973; Cooper, 1974; Diehi, 1975; Cooper et aL, 1976 ; see Ades, 1976; and Eimas and Miller, 1978 , for reviews) and is based on the assumption that there are detectors in the perceptual system specialized for phonetic {or perhaps auditory) features. However, this hypothesis has rarely been mentioned in connection with vowel perception, presumably because the large number of vowel categories and the relatively noncategorical perception of the stimuli made explanations in terms of discrete detectors seem unattractive. Also, while feature-detector fatigue is a plausible mechanism for explaining selective adaptation effects, it cannot account for pairwise contrast where only a single contextual item is presented.
shifts (Eimas and Corbit, 1973) . Second, the degree of contrast depends, in part, on the degree of gpectral overlap between the context and test series stimuli (Sawusch, 1977} . Finally, alerting subjects to the nature of the stimuli {e.g., specifically warning subjects that a certain stimulus would occur more frequentlyl does not reduce the contrastire effects (Ladefoged and Broadbent, 1957; Sawusch and Nusbaum, 1979). As Simon and Studalert-Kennedy {1978} have pointed out, the weight of the relevant evidence seems to rule out response bias as a major determinant of adaptation/anchoring effects.
The third explanation of contextual contrast proposes that such effects arise from interactions in auditory memory.
This explanation has l•n applied specifically to vowel per- Crowder {1978, 1981) assumes that auditory events are represented in memory on a grid which encodes the time of arrival and the physical channel of the event. The memorial representation is considered to be similar to a smudged wideband speotrogram. The physical channel distinction represeats "the traditional selective-attention sense of communication channel--the dimension on which two voices of the same sex are moderately discrepant, two voices of the opposite sex are more diserepant, and on which a speech signal and a noise are extremely diserepant" (Crowder, 1981, p.' 174}. Contrast effects are assumed to result from recurrent lateral inhibition among the representations in auditory memory in a manner similar to that found in the retina of the horseshoe crab {of. Cornsweet, 1970 hypothesis of strict separation between discrepant physical channels. However, it is difficult to determine the role which different physical channels played in the Morse et aL (1976} study because there were so many confounded variables. In particular, the test series differed from the adaptors in at least four different ways: {1) The test series were isolated vowel tokens but the adaptors were in [g_g] environment; (2) the test vowels were synthetic and monophthongal, and the adaptors were naturally produced and diphthongal; (3} one must assume a fundamental frequency difference between -the test stimuli {synthesized with a contour typical of a male speaker} and the adaptors (produced by female speakers), although Morse et aL gave no F0 values; and {4) there were formant-pattern differences present between the "male" test stimuli and the female-produced adaptors.
The present study examines how variations in speaker quality affects the vowel contrast phenomenon. The results should help determine the extent to which contrast effects are auditory (involving precategorical acoustic representations) as opposed to phonetic (involving phonetically categorized representations) in nature and whether such contrast can take place across identical, moderately diserepant, or strongly discrepant physical channels (i.e., different sources). To address these issues, an experiment utilizing the anchoring procedure was designed to discover the extent to which listeners' identifications of a set of vowel stimuli would be differenOally shifted by anchors which, although of the same phonetic value, would differ in terms of FO or absolute formant frequency. These acoustic variations parallel those found in natural vowels produced by male (low FO, long vocal tract) versus female (high FO, short vocal tract) speakers.
I. METHODS

•. Subjects
The subjects were 144 undergraduates at The Ohio State University solicited through the student paper and paid for participating in the experiment. None of the subjects had previously participated in a speech experiment. All subjeers were native speakers of English with no known hearing impairment.
B. Stimuli
Three different seven-step vowel continua were construtted in a [h_d] context. The stimuli were generated using the Klatt cascade/parallel speech synthesis program implemented on a PDP 11/23 computer. The stepwise variations within each of the vowel continua were produced by varying the frequencies of the first three formants. Formant frequencies for the first vowel continuum {series A)are shown in Table I The subjects were randomly divided into 18 groups of eight subjects each. Each subject was run individually in one 45-rain session. The stimulus tapes were reproduced on a high-quali.ty stereo cassette tape deck (BIC T-2M) and presented binaurally to subjects in an anechoic chamber at a comfortable listening level via Sennheiser HD 420 headphones. Each group of subjects listened first to the control tape and then to one of the six anchor tapes. The subjects were informed that they would be listening to speech tokens that would sound either like hid or head. They were asked to indicate their identification response in prepared booklets by. circling the appropriate word on the answer sheets. In addition, each subject was required to rate each identification in terms of how contident they were that the response was correct. A 4-point scale was used with a I indicating that when the subject was positive the identification response was correct, a 2 indicating the response was probably correct, a 3 indicating the response was possibly correct, and a 4 indicating that the response was a guess. There was a 3-rain break between the control tape and the anchor tape but no new instructions were given concerning any differences between the two tapes.
D. Results
The identification plus rating responses were converted into an 8-point scale (cf. Sawusch and Nusbaum, 1979) with i indicating a very positive hid response and 8 representing a very positive head response. Category boundaries were then determined by linear interpolation between points on either side of the boundary in both control and anchor conditions.
The results for the [•] anchor groups are shown in Fig. 1 , while the relevant mean category boundaries appear in Table  III . It is clear from an inspection ofthe rating functions that in the anchor condition category boundaries are shifted toward the continuum endpoint corresponding to the anchor stimulus. However, category boundaries seem to be differentially shifted depending on the degree of discrepancy between the anchor stimulus and the test continuum. This was confirmed by analyzing the boundaries using a 3 X 3 X 2 repeated-measures analysis of variance (Winer, 1971) These boundary shifts were analyzed using a 3 X 3 X 2 analysis of variance (with no repeated measures} 
II. GENERAL DISCUSSION
The present results strongly suggest that the process(es) responsible for vowel contrast effects are neither channel specific, frequency specific, nor necessarily occur only at a very carly level of processing. (1983) argue that these results can be explained only with reference to at least two distinct levels of processing: auditory and phonetic. Furthermore, the work of Sawnsch (1977) suggests that there are at least two different levels of auditory processing involved in a selective adaptation of consonants: a spectrally specific level of auditory analysis which is monaurally driven and possibly peripheral in nature, and an integrative level of auditory processing which is binaurally driven and central. Sawuseh (1977) suggested the possibility that the central integrative level of processing may not integrate information over all possible frequencies, but may represent an intermediate level of integration that would allow for vocal tract length differences. Such an integratire level could thus correspond to a process of "speaker norm•!i7ation" and could explain many of the results presented here. Note, however, that the pattern of results in Sawusch (1977) is really quite different from those found here. In particular, Sawusch found that "high" adaptors Iwhich differed from "low" adaptors and the test series in terms of absolute formant frequencies only) produced 33%-40% of the contrast effects produced by the low adaptors. By contrast, our study demonstrated no significant difference in mean category boundary shifts between the B 1 and C 1 anchor groups on the series B and series C test stimuli, the conditions most similar to those found in Sawusch (1977) . We will argue that these resuits demonstrate that contrast effects are occurring only at the intermediate level of analysis---a level which could conceivably be represented by Crowder's auditory memory.
In particular, the BI and CI anchors do not overlap spectrally in terms of formant frequency; therefore, we do not expect the contrast effects to arise from the peripheral au•litory level. Since we do not find any contrast effects using the A1 and C1 anchors with the series C and series A stimuli, respectively, we must assume that the contrast effects are not taking place at a more abstract phonetic level. This study did find a significant difference between the A1 and BI anchor groups using the series A and series B test stimuli, but these can also be explained in terms of contrast at an integrative There is at least one source of difficulty in accepting this explanation: Why shotfid there not be normalization and subsequent contrast when the 'test stimuli differ from the anchors in terms of both formant frequencies and F0? Perhaps such radical normalization need not occur when the two sets of stimuli are very discrepant in terms of physical channel, or perhaps the normalized values are mapped into an auditory similar to that suggested by Crowder (1981) and these two physical channels are too discrepant mutually to inhibit one another.
Clearly, more experimentation is needed to understand the vowel contrast phenomenon, and to evaluate proposed models of auditory and phonetic processing. For example, to test directly the proposal that the vowel contrast effects occur at an intermediate level of processing, we need to discover the extent to which monotic versus cliotic anchoring would produce differential boundary shifts. In addition, one could vary the fundamental frequency and formant pattern differences between the anchors and test tokens in a more gradual fashion and discover the extent to which the contrast effects covary in a linear fashion. Research along these and other lines will further our understanding of the number and nature of the mechanisms underlying vowel perception.
